Exchange current contributions to 'He and 'H form factors are calculated with variational (ATMS) wave functions. D-state components are important through S-D elements of nNN pair and pnr processes. The result indicates that the 'H data is most suitable for testing the detailed descriptions of exchange currents and nuclear wave functions.
At present, there are several technical schemes to obtain accurate solutions for the wave function and physical properties of the bound three-nucleon system, u such as the Faddeev equation and variational calculation, with realistic N-N potentials.
However, the calculations with the impulse approximation (IA) give serious disagreement with experiment for the 3 He charge factor (CFF) ; 2 l the first diffraction minimum (1st min) occurs at too large value of q 2 by about 2fm -2 and the height of the second maximum (2nd max) is too low at best by a factor of about 3, compared with experiments. It has been recognized that one can hardly resolve simultaneously the discrepancies in the binding energy and charge form factors of three-nucleon system based on the N-N potentiaL u Causes for the discrepancies are usually attributed to the following physical effects :u ~7 J i) three-body forces, ii) meson exchange currents, iii) isobar resonance admixture, and iv) relativistic corrections. Except for meson exchange currents (MEC), their contributions appear to be too small to explain the discrepancies. In this short note we study the MEC effect on the CFF of 3 He and 3 I-I, taking account of recent developments in deriving MEC operators. 3 ) We also emphasize the necessity of using accurate solutions for the D-state wave function 4 l as well as the S-state wave function.
Kloet and Tjon 5 l have found the MEC contribution to play an important role at q 2 =10""'20fm-2 , which results in a considerable improvement of the 3 As for MEC, the authors in Refs. 5) ~ 7) derived MEC, using the S-matrix approach as described by Chemtob and Rho. 9 l They included effects of "recoil" current (Figs. 1 (c) and (d)) up to order the recoil current is cancelled by that of wave function renormalizatio n (WFR, Fig. 1 (e) ) correction up to order 0 (M-2 ). In the practical calculations carried out so far, the most important MEC for the charge density originates from the reNN pair current (re-pair, Fig. 1 (a) ) which is noted to be of relativistic order of 0 (M-3 ). This then necessarily implies a more detailed treatment of MEC than the S-matrix approach. Recently Hyuga and Garj3l have shown how MEC can be defined unarbitrarily by eliminating the mesonic degree of freedom in a truncated nucleon subspace so as to be consistent with the N-N potential. We follow the transformation approach to the treatment of MEC as described by Gari and Hyuga. 3 l There are many contributions up to order 0 (Jovf-3 ) to the two-body charge density operator p (k, q) in the one-pion range.3l First, we consider the re-pair current which has been estimated to be most important at low q 2 ;cM 2 • The con-
where we have conformed closely to the notation in Ref. 8) and also hereafter for shortness' sake. Contributions of the others (pair and mesonic currents due to P-and w-mesons, recoil and WFR currents in O(JvJ- 3 ) due to pion, etc.) are expected to be smaller by one or two order of magnitude than the re-pair current at low q 2 , 3 l, 7 l In order to emphasize the importance of taking account of the correct Dstate wave function and to confirm a smallness of the other contributions, we consider next the p-and (()-mesonic currents (prer and wrer, Fig. 1 (b) ). The prer current contributes to p (k, q) as
The contribution of the wre/~'current is obtained from Eq. (2) In Table I , and Figs. 2 and 3 we present the results for the CFF of 3 He· and 3 H, using the N-N potentials of the Hamada-Jonst on (HJ), m Reid (RSC) 13 ) and Tamagaki (OPEG).w The upperbound of total energies of 3 H are -6. 00, -6. 50 and -6. 64 MeV for HJ, RSC and OPEG, respectivelyY Since, as noted before, it is difficult to calculate a whole MEC contribution quantitatively, we show contributions of the prer and wnr currents separately. They are excluded from the final results of CFF including the lrpair correction in the figures. The correction from the wn:r current results in similar influences to that from pn:r in the low q 2 , but is slightly smaller than the latter as shown in Fig. 3 . Therefore we do not discuss the w 7r r effects hereafter. Figure 2 gives contributions to CFF from different MEC terms, namely, the S-S and S-D matrix elements of the isoscalar and isovector part of the 7r -pair and the isoscalar Plrr currents, where the S-states mean the components including both the symmetric S-and mixed symmetric S'-states. We note that the D-state components play a very important role through the isoscalar S-D matrix elements of the 7r-pair and p7rr currents. The S-D Plrr term is much larger than the S-S p1rr term in the range of O<q 2 <22 fm -2 for both 3 He and 3 H. In particular, in 3 H these S-D terms are responsible for a smallness of the MEC effect, as will be discussed below.
In 3 He the dominance of the 7r-pair current is noticeable, and is maintained at all values of q 2 • The improvement over the impulse CFF results is substantial in the region of the 1st min and the 2nd max (Table I and Fig. 3 ). In the case of 3 H (Figs. 2 and 3) , although individual terms of the MEC's behave similarly to in the 3 He case, none of the exchange currents considered is single most important one, namely, they give equally small contributions. This is because a strong cancellation between the S-S isovector 7r-pair term and the others. Further the p1rr term reduces the 7r-pair term by a large amount in the wide range of q 2 below the 2nd max. Therefore the MEC effect would not modify the IA prediction of the 3 H CFF. It is June 1980 Prog;rcss T~ctters interesting to see that the total MEC effect generates a large difference in CFF between 3 He and 3 H in appearance.
Let us remark that in the S-matrix approach the largest contribution of MEC for the 3 H CFF comes from the recoil current of order 0 (lvf-2 ). 5 J • 6 J Its contribution can exceed the IA result of CFF at q 2 above the 1st min and reduces the height of the 2nd max moderately. On the contrary, such currents do not occur in the present approach. In the next order 0 (M- 3 ) there are certainly contributions arising from the recoil and WFR currents, 3 l which are so complicated that discussion of them is beyond a scope of this short note. However we can guess that these currents are smaller than the IT-pair current in the 3 H CFF, as we may expect a similar cancellation to occur between their isoscalar and isovector terms. As a result, in 3 H the net contribution from the IT-pair, PITY and WITY currents becomes small and negative, so that some increase in height is obtained only at about the 2nd max. In view of this, measurements of the 3 H CFF at large q 2 C>8 fm -2 ) would help to prove our evaluation. This kind of data has been called for repeatedly from other viewpoints. 5 J • 6 J To summarize, by using the full components of our wave functions, 4 l we have shown that the introduction of MEC into the 3 He CFF can account for most of the discrepancy between the IA calculation and the experimental data of CFF. The position of the first minimum is correctly reproduced and the height of the second maximum is much improved and is now only a factor of 2 below the data for all N-N potentials used. Our results will help to establish a general effect of MEC on the 3 He CFF because of the clear domi nance of the IT -pair current.
The MEC effects on the 3 H CFF are much different from those on 3 He. For 3 H the MEC correction due to the IT -pair current happens to be as small as the other minor corrections, e.g., due to the PITY and wiTr currents. The sum of these MEC amounts to be very small and always minus quantity. These results are unchanged if the contributions of the recoil and WFR currents are negligible in order 0 (M- 3 ) and cancel exactly in order 0 (M-2 ) • 3 l For these reasons, experiments for the 3 H CFF in unexplored region of q 2 C>8 fm-2 ) are highly desired. Numerical computations were carried out in part by the HIT AC 8800/8700 system at the University of Tokyo.
